INTRODUCTION
============

An epidemic of type 2 diabetes (T2DM) is a great concern in the Asian population \[[@B1]\]. Kim et al. \[[@B2]\] reported that the age-adjusted prevalence of diabetes was 7.6% (men, 8.1% ; women 7.5%). Hypertension is extremely common in patients with T2DM, affecting up to 60% of patients \[[@B3]\], consequently adding significantly to its overall morbidity and mortality \[[@B4],[@B5]\]. United Kingdom Prospective Diabetes Study (UKPDS) showed that strict blood pressure (BP) control in patients with hypertension and T2DM achieved a clinically important reduction in the risk of macrovascular and microvascular complications in T2DM \[[@B6]\]. Andros et al. \[[@B7]\] showed that the proportion of patients with diabetes who had uncontrolled hypertension was still high and remains an important health concern accounting for a large economic burden on the United States. Therefore, the adequate control of BP has important clinical and prognostic relevance in reducing economic burden in subjects with type 2 diabetes.

Recently, Lim et al. \[[@B8]\] reported that the prevalence of hypertension among Korean diabetes was 60.4%. However, there is limited current epidemiologic data on the prevalence, awareness and control of hypertension among diabetic Koreans. Here, we analyzed trends in the prevalence, awareness, treatment, and control of hypertension in Korea, and determined whether there were further improvements in hypertension control according to the current treatment goals.

METHODS
=======

Study participants
------------------

This study was a survey conducted in July to October 2010. The participants were diabetic patients who visited one of the endocrinology clinics in 43 hospitals across Korea, and had no mental impairments that could interfere with the survey. The survey was administered to a total of 3,895 participants that agreed to take the survey.

The survey was approved by the independent Ethics Committee/Institutional Review Board at each study site, and written informed consent was obtained from all participants. The study was performed according to the Good Clinical Practice Guidelines and the Declaration of Helsinki.

Clinical data collection
------------------------

The participants were interviewed individually by nurses who fully understood the survey questions and were trained to conduct the interviews. The interviewer explained the purpose of the survey and asked the participant for his/her consent. A consent form was read and signed by the participant before proceeding with the survey.

The survey questionnaires were developed by an organizing committee representing the Korean Diabetes Association. The survey for patients with diabetes had 3 categories and 11 questions. Eight questions assessed general characteristics (sex, age, height, weight) and clinical characteristics (fasting glucose concentration, glycated hemoglobin level \[HbA1c\], treatment modality of diabetes, and presence of complications. A further 3 questions pertained to the status of current hypertension management (awareness of target BP, compliance of antihypertensive medication, type of antihypertensive medication). The body mass index (BMI) was calculated as the weight in kilograms divided by the height in square meters.

Each question was delivered by an interviewer and cross-checked with the medical records of the participant. The purpose of the survey questionnaires was to identify patients experiencing hypertension with diabetes awareness and their drug compliance. All of the information gathered from this survey remained confidential and was used for research purposes only.

Definition of hypertension and assessment of BP
-----------------------------------------------

Hypertension was defined as systolic BP (SBP) of at least 130 mm Hg or diastolic BP (DBP) of at least 80 mm Hg in persons with diabetes mellitus or self-reported use of medication for lowering BP \[[@B9]\]. Control of BP in persons with diabetes mellitus was defined as having a BP that was lower than 130 mm Hg systolic and lower than 80 mm Hg diastolic \[[@B9]\]. Patients were labeled as uncontrolled hypertension if the mean of three measures of SBP was ≥130 mm Hg and/or DBP was ≥80 mm Hg. BP was taken following recommendations of the Join National Committee (JNC 7) \[[@B10]\].

During this time two BP measures were taken in an interval of at least 5 minutes after patients were maintained on their mediation. Measurements began after 5 minutes of quiet rest and were made with a mercury sphygmomanometer with the patient seated. A cuff of suitable size was used. The SBP was taken at Korotkoff phase I and the DBP was taken at Korotkoff phase V \[[@B11]\]. Following that, we calculated BP as the average of two measurements. We also assessed the percentage of the entire population and those with hypertension who were utilizing angiotensin-converting enzyme inhibitors (ACEIs), angiotensin II receptor blockers (ARBs) and other anti-hypertensive medications at the time of chart review. All data are presented as means±standard deviation or number (%). All analyses were performed using SPSS version 18.0 software (SPSS Inc., Chicago, IL, USA).

RESULTS
=======

General characteristics of the survey population
------------------------------------------------

Of the total 3,895 participants, 48.6% were male and 51.4% were female. A total of 57.5% of all patients were over 60 years old. The proportion of participants in their under-40s, 40s, 50s, 60s, and over-70s were 3.7%, 10.8%, 28.2%, 32.6%, and 24.9%, respectively. The average BMI was 24.6±3.5 kg/m^2^. Patients who had BMI\>25 kg/m^2^ represented 67.3% of the total participants. The level of BMI decreased according to increasing age. Interestingly, in diabetic patients that were under 40 years old (under-40s), the proportion of BMI\>30 kg/m^2^ was reported as 19.1%, and was higher than that of the other age groups (data not shown).

The mean value of HbA1c was 7.6±1.5% and 58.4% of all participants achieved the target goal (HbA1c \<7.0%) of the ADA guideline \[[@B9]\]. The mean SBP was 127.0±16.6 mm Hg, whereas the mean DBP was 77.0±10.6 mm Hg. In the category of ≥130 mm Hg systolic or ≥80 mm Hg diastolic, the prevalence of not taking antihypertensive drugs or taking them was 23.8% and 37.5%, respectively ([Table 1](#T1){ref-type="table"}).

Awareness of target BP and control of BP
----------------------------------------

[Table 2](#T2){ref-type="table"} indicates the awareness of target BP in diabetic patients. When asked about the awareness of target BP in diabetic patients, 62.5% of participants answered that they had known about their target BP. Out of all patients, the awareness of target BP in diabetic patients (≤120 mm Hg or ≤80 mm Hg) was 47.3% and non-diabetic patients (≤130 mm Hg or ≤80 mm Hg) was 57.3%.

Prevalence and compliance of antihypertensive medication with diabetes
----------------------------------------------------------------------

Among antihypertensive medication users, 39.9% had \<130 mm Hg and \<80 mm Hg whereas 60.1% had ≥130 mm Hg and ≥80 mm Hg. The answer \"BP is under good control\" was given by 75.1% of the antihypertensive medication users, and of these patients, 26.4% were in the \<130 mm Hg and \<80 mm Hg group, compared to 73.6% in the ≥130 mm Hg or ≥80 mm Hg group. When we analyzed compliance of antihypertensive medication during the past 2 weeks, 75.5% of antihypertensive medication users answered that they had taken antihypertensive medication every day in recent 2 weeks ([Table 3](#T3){ref-type="table"}). Otherwise, 24.5% were non-compliant and did not take antihypertensive medication regularly. Reasons for non-compliance included forgetfulness, drugs side effects, shortage of drugs and the asymptomatic nature of hypertension, and the frequency of each is shown in [Table 3](#T3){ref-type="table"}.

Usage pattern of antihypertensive medication among antihypertensive medication users
------------------------------------------------------------------------------------

The proportion of diabetic patients taking antihypertensive medication out of all participants was 57.8%. Antihypertensive medications were classified into one of six categories: ACEIs, ARBs, calcium channel blockers, beta-blockers, diuretics and alpha-blockers. A majority of antihypertensive classification was on angiotensin II receptor blockers 52.8%. The proportion of angiotensin-converting enzyme inhibitors, calcium channel blockers and beta-blockers was 8.9%, 21.8%, and 10.4%, respectively ([Table 4](#T4){ref-type="table"}).

Of patients with antihypertensive medication, the proportion of monotherapy, 2 agent combinations, 3 agent combinations and more than 4 agent combinations were 65.4%, 24.7%, 7.0%, 2.9%, respectively. One third of combination therapy was on ARB and hydrochlorothiazide (data not shown).

DISCUSSION
==========

Our study is the first epidemiologic study of prevalence, awareness and control of hypertension among diabetic Koreans. We found that the prevalence of patients that did not achieve target BP goal with diabetes was over 60%. These results imply that majority of type 2 diabetic hypertensive patients still do not have control of their BP. Our study also showed that most participants were in good control with regards to BP, and of these patients, a majority were in the uncontrolled BP category. These respondents suggested that there was a difference between BP control in clinical practice and patient thoughts. Therefore, to achieve a target BP with diabetes, clinicians need to inform their patients of target BP, to reduce severe complications that may rise with diabetes in Korea.

Patient knowledge and awareness of hypertension was significantly associated with compliance to medication for hypertension. A report suggested that patients who knew about the importance of compliance had a significantly higher compliance rate than patients who had been ignorant of that aspect \[[@B12]\]. Our study showed that there is a difference between antihypertensive medication compliance and BP control. Thus, to achieve target BP control with diabetes, clinicians should inform patients about the importance of target BP control.

Controlling BP was significantly effective in reducing the risk of cardiovascular events and mortality in diabetic patients \[[@B9],[@B13],[@B14]\]. Also, current guidelines recommend lowering BP to \<130/80 mm Hg in patients with diabetes \[[@B9],[@B10],[@B15],[@B16]\]. Therefore, untreated or poorly controlled hypertension in diabetic patients is an important health problem. The disease, patients, and clinician factors all contribute to poor BP control in diabetes \[[@B17]\]. However, achieving the target BP largely depends on patient compliance with therapy \[[@B17]\]. In this study, the diabetic patients with hypertension who did not achieve the target were more obese, younger and showed poor compliance with antihypertensive medication. Thus, clinicians should clearly distinguish these patients and establish intensive control measures.

The results of this study were similar with findings of other recently published studies \[[@B7],[@B18],[@B19]\]. These recent studies also found that 80% to 83% of diabetic patients with hypertension received drug therapy but a range of only 12% to 35% of patients controlled their BP below 130/80 mm Hg depending on various data sources \[[@B7],[@B18],[@B19]\]. However, in our study, about two-thirds of patient utilizing antihypertensive drug therapy still did not meet the goal for BP control, suggesting that these patients should be treated more rigorously to achieve controlled BP.

Both ADA and JNC 7 recommended a ACEIs or ARBs as a first line therapy in hypertension with diabetes \[[@B9],[@B10]\]. It is very difficult to achieve BP targets with monotherapy, and most patients require a combination of two or three drugs to get to target \[[@B9],[@B10]\]. In combination therapy with a RAAS blocker, ADA suggests a low dose of a thiazide diuretic \[[@B9]\]. Our survey was consistent with these recent studies, and a majority of antihypertensive medication users were on ARBs (52.8%). One-third of combination therapy was on ARBs and hydrochlorothiazide (data not shown).

The present study had some limitations. First, we used survey-based data with a limited questionnaire, resulting in the analysis being limited only to this particular dataset. In particular for age, this survey did not include duration of diabetes and exact age, but just a questionnaire for the under-40s, 40s, 50s, 60s, and over-70s. Second, only diabetes patients who visited 43 university hospitals were selected. The characteristics of patients in a primary clinic may be very different from those in a tertiary hospital. Therefore, the results cannot be generalized to people with other diseases or to the general population. Third, although an average of up to two BP measurements were obtained under the same standardized conditions, there was the possibility of misclassification of individuals. However, the method of BP measurement in these surveys was consistent with the JNC 7 standard, which recommended the classification of hypertension based on an average of two or more measured \[[@B20]\]. Fourth, participants who were in this survey were not randomized with enrollment.

In conclusion, our survey found that the majority of patients with diabetes did not reach target BP control in 43 hospitals across Korea. The results showed that the prevalence of diabetic patients with uncontrolled hypertension was still high and remained an important public health concern in Korea. In the survey results from the diabetic patients, we found that stricter control is needed to reduce severe complication of diabetes in Korea.
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General characteristics of the survey participants in our study (*n*=3,895)
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Values are presented as mean±standard deviation or number (%).

BMI, body mass index; FPG, fasting plasma glucose; PPG, postprandial 2 hour glucose; HbA1c, glycosylated hemoglobin; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Awareness of the target blood pressure in diabetic patients
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Prevalence and compliance of antihypertensive medication with diabetes
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Usage pattern of antihypertensive medication among antihypertensive medication users
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